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METHOD FOR PERMANENT CALIBRATION 
BASED ON ACTUAL MEASUREMENT 



CROSS-REFERENCE TO RELATED APPLICATION 

The -present patent application claims 
5 priority on United States- Provisional Paten:t 
Application No. 60/564,963, filed on April 26, 2004, 
by the present applicant. 

FIELD OF THE INVENTION 

The present invention generally relates to 
10 instrumentation and, more particularly, to a method 
for calibrating instrumentation used in a computer- 
assisted surgery environment, 

BACKGROtIND OF THE INVENTION 

Instruments and implants such as surgical 
15 instruments and orthopedic implants are manufactured 
according to specifications usually illustrated in 
manufacturing drawings . The manufacturing drawings 
specify dimensions and precision requirements for the 
manufactured instruments. These precision 

20 requirements are stricter when the instruments or 
implants are used in an environment such as is 
encountered in a Computer Assisted Surgery (CAS) 
system. 

After the manufacturing of an instrument, 
25 comparative measurements of the manufactured 
instrument are made with the initial specifications. 
If the end result of the measurements is outside the 
specifications of the manufacturing drawings, the 
instrument is rejected. To achieve high precision, 
30 the manufacturing process can be expensive. 
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A CAS system creates a precision 
environment wiiere a surgeon uses a computer system to 
track, in a 3 -dimensional reference spatial system, 
one or more instruments .and implants. The precision 
5 " required varies from 0 . 1 mm to 1 mm in position and 
can also be very high in angle. The instruments and 
implants tracked by the CAS system have generic 
characteristics that need to be known by the CAS 
system. In addition, the CAS system needs to track 
10 the relative position of the implant or the 
instrument to the tracker coordinate system. This is 
typically done using one of various calibration 
techniques . 

A first known calibration method consists 

15 in identifying the tip 'and the axis of a tool with 
the help of a calibration block. The block has a base 
plate with a pin hole located at its center to 
position the tip of the instrument. Around the pin 
hole, eight posts are placed in a quasi-circular 

20 position. The tool is equipped with a means for 
registering and tracking the tool in a 3D 
environment . For registering the tip of the 
instrument , ' the tip is positioned against the pinhole 
located at the center of the base plate. The system 

25 registers both the calibration block and the 
instrument and calculates the position of the tip of 
the instrument from its position in the pinhole of 
the calibration block. To determine the axis, the 
instrument ' is successively positioned against the 

30 eight posts located on the calibration block and 
registered. A second calibration method consists in 
using a simplified calibration block capable of 
positioning the tool against a reference pinhole and 
clamp in a known position. The system registers both 
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the calibration block and the instrument. From the 
registration of the tool, the system can extrapolate 
the position of the tip and, since the calibration 
block has clamped the instrument in a known position, 
5 the system can extract the axis of the tool from the 
registration of the tool and the calibration block 
and the known position of the clamped instrument. 

There is a need for a method to calibrate a 
tool or implant that would reduce the time spent in 
10 the operating room performing the calibration, and 
simplify the procedure . 

SUMMARY OF THE INVENTION , 

Accordingly, an object of the present 

15 invention ,is to provide a method for permanent 
calibration based on actual measurement . 

There is provided herein a method of 
manufacturing a device to be used with a computer- 
aided surgery system, a method of calibrating the 

20 device, and the device itself. After fabrication, the 
device is measured to obtain true parameters thereof . 
The true parameters are stored on a storage medium 
associated with the device and include measurement 
data of high precision relating to dimensions of the 

25 device as well as to relative positioning of a 
tracker on the device with respect to the device. The 
true parameters are entered into the system and when 
the tracker is located in the 3D environment, the 
device can then be located in- the 3D environment with 

30 a high degree of precision using the true parameters . 

It should be understood that the term ^^true 
parameters" can either be a set of points, a single 
point, a set of ranges within which the points can be 
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found, or a single range within which a point can be 
found. The precision used to determine the points or 
ranges will vary depending on the instruments used to 
take the measurements. The instrument can be, for 
5 example, a coordinate measuring machine, an 
interferometer, or any other type of measuring device 
known in the art . 

In accordance with a first broad aspect of 
the present invention, there is provided a method for 

10 manufacturing a device to be used with a computer 
aided surgery system, the method comprising: 
fabricating the device in accordance with its 
specifications, wherein the fabricating includes 
providing the device with a tracker of a known 

15 configuration recognizable by the computer aided 
surgery system; after the fabricating, measuring the 
device to obtain true parameters thereof, the 
measuring including determining a relative position 
of the tracker with respect to the device; and 

2 0 storing the true parameters in a storage medium 

associated with the device such that the true 
parameters accompany the device . 

In accordance with a second broad aspect of 
the present invention, there is provided a method of 
25 calibrating a- device to be used with a computer aided 
surgery system, the device having a tracker of a 
known configuration recognizable by the system 
provided thereon, the method comprising: measuring 
the device after fabrication to obtain true 

3 0 parameters thereof, the measuring including 

determining a relative position of the tracker with 
respect to the device; storing the true parameters in 
a storage medium associated with the device such that 
the true parameters accompany the device; entering 
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the true parameters into the computer aided surgery 
system, including the relative position of the 
tracker with respect to the device; and identifying 
the device in a three dimensional environment of the 
5 system by using the true parameters and recognizing a 
position of the tracker within the system. 

In accordance with a third broad aspect of 
the present invention, there is provided a device to 
be used with a computer aided surgery system, the 
10 device comprising: a tracker mounted to the device, 
. the tracker being of a known configuration and 
recognizable by the system; and a storage medium 
associated with the device, the storage medium 
comprising true parameters of the device obtained by 
15 measuring the device after fabrication, the true 
parameters including a relative position of the 
tracker with respect to the device. \ 
It should be understood that the term 
storage medium" is used herein to refer to any 

2 0 material that holds data in any form, such as paper, 

transparencies, multipart forms,* hard, floppy and 
optical disks, magnetic tape, wire, cable and fiber. 
For example, the true parameters can be stored on a 
code engraved on the device, a code printed on a 
25 sticker applied to the device, a serial number marked 
on the device, or any type of temporary memory such 
as a CD-ROM, a flash card, a USB stick, or a tape 
that is packaged with the device. The data can be 
stored * electronically or not. 

3 0 The code marked on the device can be in 

machine readable format or human readable f 9rmat . It 
can be entered manually into a computer system, or be 
entered electronically by either scanning the code 
into the system or sending the information by other 
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means- The code can include various types of data 
about the device, such as the precise measurements 
taken after fabrication, the relative measurements 
between the tip of the tool and the tracker, the 
5 configuration of the tracker, a serial number to 
identify the tool, etc. 

At any time, the calibration data marked on 
the device may be validated or confirmed using known 
calibration methods. If the data obtained during' the 

10 validation differs from the true parameters marked on 
the device, the user may decide which set of data the 
system is to use. For example, the true parameters 
marked on- the device may be updated using the 
validation data. Alternatively, the system may be 

15 told to override the validation data with the true 
parameters . 

BRIEF DESCRIPTION OF DRAWINGS 

These and other features, aspects and 
advantages of the present invention will become 
2 0 better understood with regard to the following 
description and accompanying drawings wherein: 

Fig. 1 is a view of an instrument with 
exemplary machine readable format marking; 

Fig. 2 is a flow chart of the method of 
25 manufacture of the device in accordance with the 
preferred embodiment of the present invention; 

Fig. 3 is a view of the system, in 
accordance with a preferred embodiment of the present 
invention; 

30 Fig. 4 is an example of a linear bar code; 

Figs. 5a and 5b are examples of 
2 -dimensional matrix bar codes; and 
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Fig. 6 is a flow chart of the method of 
calibration of the device in accordance with the 
preferred embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 In a preferred embodiment of the present 

invention, at the end of the manufacturing process, 
the characteristics of the instrument needed by a CAS 
system are precisely measured- Those measurements, 
unique to that instrument,, are recorded on a media 

10 and constitute the permanent calibration of that 
instrument. At the first use in an operating room, 
the instrument is selected and those measured 
characteristics, which are its true parameters, are 
fed to a CAS system, which can store the information. 

15 At further use, the operator can select the 
instrument per its identification and the system can 
use the stored information or read again the 
information related to the true parameters of the 
instrument . 

2 0 Referring to the drawings and, more 

particularly, to Fig. 1, an instrument 13 0 with 
exemplary marking 132 is shown. The instrument 13 0 is 
manufactured according to manufacturing drawings 
containing measurement specifications and precision 
25 requirements. • Once the instrument 130 is 
manufactured, precise measurements of the instrument 
are taken using for instance a Coordinate Measuring 
Machine (CMM) , which permits a precision as high as 
0,001 mm. The measurements represent the true 

3 0 parameters of the instrument 130 to be used in an 

environment requiring a high degree of precision- The 
marking 132 on the instrument 13 0, is made on a 
section visible to the operator. 
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Alternatively, typograpliical characters 
readable (not shown) by a video system and 
identifiable by a computer system can be used. The 
characters can also be entered manually by the user. 
5 However, this is more time-consuming. 

The content of marking 132 can consist of 
an identification of the instrument including a 
product code, a serial number for tracking inventory 
or measurements made to a specified degree of 

10 precision (including ranges of measurements) . 

Fig. 2 relates to the method used to 
manufacture the device, as per the preferred 
embodiment of the present invention. In step 200, an 
instrument is manufactured according to the 

15 specifications in the manufacturing drawings. The 
drawings specify dimensions for the instrument with 
various tolerance levels. At step 210, the true 
parameters (dimension, plane) of the manufactured 
instrument required by the system are precisely 

20 measured. These measurements are converted to machine 
readable format at step 220. Then, at step 230, the 
converted measurements are marked onto the 
instrument . 

The process illustrated in figure 2 reduces 
25 the ' cost of manufacturing by preventing instruments 
that do . not fall within the tolerance requirements 
from being "rejected. These instruments are usually 
rejected because their true parameters differ too 
greatly from the specifications and therefore, they 
30 would lead to precision errors in an environment such 
as a CAS. However, by providing- the true parameters 
on the instrument, the CAS system can simply read the 
true parameters from the marking on the device itself 
and eliminate the possibility of error due to 
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imprecise measurements. The method of figure 2 also 
permits the use of the instrument in a high precision 
environment. The measurements obtained using high- 
precision measurement devices immediately after 
5 fabrication can provide measurements of higher 
precision than the standard calibration techniques 
used in the operating room. Therefore, the data used 
by the CAS is more precise. 

The described method eliminates the 
10 calibration previously required in the operating 
• room. However, to properly ensure the tool is 
registered, a validation step can be used (not shown 
on the figure) . When a tool is used by the CAS 
system, to validate the information marked on the 
15 tool in relation to the actual tool, the system 
validates the position of the tracker in relation to 
an extremity of the tool. This is particularly useful 
in the case where the tracker may have moved or the 
■ tip - of the instrument is bent after having been 

2 0 dropped. 

Fig. 3 shows a system using the instrument 
illustrated in Fig. ll The system used for 
identifying an instrument in a high precision 
environment is generally shown at 310. A computer 
25 312, comprising a database 314 is shown. The database 
314 may already contain part of the geometrical 
characteristics of the instruments (such as generic 
information) . The information can be completed with 
the results of the measurements taken in step 210 in 

3 0 order to take into account the small variations from 

one instrument to another. The computer 312 can be 
part of a CAS system (not shown) . The computer 312 is 
connected, through link 318, to a reader 316. 
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The reader 316 can be mechanical, optical, 
electromagnetic, RF or other type generally known in 
the art of readers capable of reading machine code 
format. The data may be sent to the reader in an 
5 active or in a passive way. 

The machine readable format may be a bar 
code- The bar code format can be a linear format or a 
2 -dimensional matrix bar code permitting higher data 
density marking. 
10 The instrument 3 20 is marked with machine 

reader format data 324. The data 324 marked on the 
instrument 320 contains the true parameters of the . 
instrument 320. These true parameters relate to 
identification of the instrument and accurate 
15 dimensions of the . instrument 320 measured after 
manufacturing . 

When the data 324 on the instrument 32 0 is 
read by the reader 316 and transmitted to computer 
316, computer 316 identifies the instrument. It can 
20 get generic characteristics about the instrument 320 
from the database 314, With the precise measurements 
read from the machine reader format data 324, the 
computer 316 can adjust the characteristics of 
ins t rument 32 0. 
25 Another method for entering the. data to be 

marked on the instrument is through manual data 
entry. The data related to the serial number of the 
instrument and the measured characteristics are keyed 
into a device capable of converting to a machine 
3 0 readable format. That converted data is then marked 
onto the instrument . 

As another method, the instrument 320 can 
be packaged with a CD-ROM or another temporary 
storage medium containing the characteristics of the 
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instrument. It is to be understood that database 314 
can be a temporary storage media and not necessarily 
a permanent database . 

AS another alternative, the database 314 
5 can be remotely accessed through a communication 
means . 

Fig. 6 relates to the method used to 
calibrate the device, as per the preferred embodiment 
of the present invention. The instrument, which has 

10 been . fabricated with a tracker having , a known 
' configuration and recognizable by a CAS, is measured 
to determine its true parameters 400. The true 
parameters are stored on a storage medium 
(electronically ■ or not) associated with the 

15 instrument 410. The true parameters are entered into 
the CAS system (manually or automatically) 420. The 
CAS system then uses the true parameters to locate 
the instrument in ■ the 3D environment 430. Since the 
true parameters have the dimensions of the .tool and 

20 the relative positioning of the tip of the tool with 
respect to the tracker, and the tracker is of a known 
configuration, when the system identifies the tracker 
and is able to position it in the 3D environment, it 
can then position the tip of the tool and all 

25 dimensions which are relative to the tip of the tool, 
allowing it to provide an image of the tool on a 
display in the 3D environment . 

The tracker used with the present invention 
may be of any known type in the art, such as optical, 

30 magnetic, RF, passive, active, etc. 

While illustrated in the block diagrams as 
groups of discrete components communicating with each 
other via distinct data signal connections, it will 
be understood by those skilled in the art that the 
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preferred embodiments are provided by a combination 
of hardware and software components, with some 
components being implemented by a given function or 
operation of a hardware or software system, and many 
5 of the data paths illustrated being implemented by 
data communication within a computer application or 
operating system. The structure illustrated is thus 
provided for efficiency of teaching * the present 
preferred embodiment . 
10 The embodiments of the invention described 

above are intended to be exemplary only. The scope 
of the invention^ is therefore intended to be limited 
solely by the scope of the appended claims. 
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